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Brief Characteristics _ | | | 
The airframe is the backbone of a final stage for the W5-107 vehicle, 


it has struetural integrity fer the boost phase, and carries the equip- | 


ment required to establish itself in orbit, as well as furnish a freme- 


work for the components ef the reconnaissance subsystens. 


Appreach 


Booster vehicles will be derived from the WS-107 (Atles program). ‘The 
_ Pioneer vehicle airframe is designed te be compatible with the Atlas as |. 


Well as the ground handling and launching equipment of the Atlas systen 
The Advanced vehiele airframe will be designed for use with a modified. 
beoster and launching System. Both airframes must satisfy the | 


structural requirements of the boost phase, and contain components whicl 


PneGn COnROnaAN 2. UL UII eaL On Trennen. is } 7 t? Ce, AD Le- 
of being stabilised in the orbit and alse furnish an adequate framework 


The tasks of the airframe subsystem, vhich are each described in 


par. le below, are: | 


Pioneer airframe structure 
_ Ploneer adapter and separations 
Pioneer pressurization systen 
Pioneer environment eontrel | 
Aadvenced airframe etructure end mechanisms 
| Booster modification for the afivanced system 
Advanced pressure systen | | | 
Advanced environment contrel os 
Bola and ether special configurations — 


Tasks eof the Subsysten 


® td a 


O OI Aw Iw me 


The airframe of the Pioneer vehicle is designed to be compatible 


With an unmodified Atlas System (W8-107). It is to house the 
Pioneer prepulsion system and reconnaissance equipment. ‘The air- 
freme is approximately 61 inches in diameter and 18 feet in over- 
(all length. It is designed to tolerate about 8¢ longitudinal 
acceleration and 1.2g¢ lateral acceleration. Vibration modes will 
be made compatible with those of the Atlas. The airframe structure 


‘L. Pioneer Airframe Structure 
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carries a destruct system which will not permit the vehicle to 
i | _-- Fe-enter dense atmosphere. ‘The configuration and structure of the 
| 3 Pioneer Vehicle is discussed in the appendix. aa 
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an a 2. Pioneer Adapter and Separation System Teak 
< a 


. 4 - ‘Ne modifications of the Atlas are required for the Pioneer vehicle. 
. Attachments to the present mounting ring will earry the adapter 
- . skirt which will include the separation systen. | 


3. Pioneer Pressurisation Bysten 


The Pieneer pressure system is a simple: helium system providing — 
pressure to the main propellant tanks and to any components that 
require a pressurised atmosphere. ‘The principal reason for pressur- 
izing the propellant tanks is to drive the propellant constituents 
into the combustion chamber at a pressure sufficiently high to make 
. turbe pumps unnecessary. Furthermore, the internal tank pressures 
‘provide gas to any payload cempenent that may require a pressurized 
environment. The pressurization tesk is ccammon to the 5 aa 
subsystem where it is discussed in mgrenter detail. — 


oh. Pioneer Environment Control 


This tesk is thet of furnishing a : pediepawtecy environment to each 
| ef the reconnaissance eampenents. The firm requirements on the 
_ | | eleetrenie equipment will be furnished by the results of the 
| — enviromental simlation tests and verified in the STV tests. The 
2 | | required pressurization can be furnished by the pressure system and 
| | the operating temperature range can be maintained at whatever is 
required at er slightly above reom tenperature. The techniques of 
temperature centrel are based on the work eereren in the — 


| 
J | Be Advanced Airframe Structure and Mechanisns 


1 . 2 Pin Gicrene ee he davensed syiteniwilldl Gesemnbdave @ lateer ce: 
| a .. pulsion system and establish a larger payload on orbit. This des gx 
must be based on the actual performance achieved with the Atlas. 
~ ‘The vehicle design will not chenge basically from that reperted in 
7 | Ref. a, the principal changes being in propellant tank size, and 
possible system for mechanically positioning the reconnaissance 
system components, such as cameras and antennae, and unfolding 





3 _ antennae whose sizes have required fo: the boost phase. 
| Such configurations as that of the Bola, (Ref. b) will require 
| me wt oe _ further analysis and must avait the results of tests vhich may be 
Ef _ Gone during the early “CONFIDENT, f 
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Advanced Booster Modification and Seperation System 





For the Advanced systen the payload capability of the booster must be 
increased. At present it appears that the eptinnza gross weight of 
the orbiting vehicle will be about 14,000 pounds. ‘This Will require 


strengthening the front end of the booster. This modification will 


Advanced Pressure § tem | | | 

Although designs have not been worked out specifically for the | 
Advanced vehicle » it is anticipated that the pressurization systen 
Would be essentially as indicated fer the Pioneer system incl 

the capability ef Pressure stabilizing the tanks. It may be noted =| 
that a reduction ef ever 60% in pressurization system weight eould 
be achieved if liquid oxygen ig available in the missile fer | 


‘Tefrigerating the helium. 


Advanced Environment Centro] on. | | 

This task will beceme firm only after Cbservations are made of the | 
operation of the Pioneer system. The temperature eontro] will be 
based om extensions ef the work reported in the appendix. 


Bola and Other Special Configura tiens _ 


‘This task will be defined When the various nuclear end solar power 


units are specified. These special configurations must furnish seme 


method of reducing the nuclear radiation field in which the re- 


connaissance equipment operates. The Bola Configuration, (Ref. b) 
Which separates ‘the radiation source from the reconnaissance gear, 
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Subsysten A- ARFRAE 
_ | a | a Tab i- ‘General Peeign Specification 


} a OA. Statement of the Problem 
An airframe mst be designed which will: | 
a 4 ae | z Permit echievement of maximum reconnaissance eid 
oe _ 2. Be compatible with the WS 107 system - : 
| 3. Permit achievement af | orbit capability by the end of 1958 
! . Be. Approach | | | 
_ | | _ A vehicle will be designed vhich will meet the requirements of 
| | (2) and (3) above, fulfilling insofar a8 possible the maximm reconnaiss- 
| ance capability. The constraints imposed by (2) and (3) establish the 
size dnd weight and dictate the ® choice of certain components. This will 
| : be the "Pioneer Vehicle.” | _ 
SS | | | tr etl oy it outs (1), a 
| | proved reconnaissance vehicle will be designed (callea “Advanced Vehicle") 
7 | So which wil utilize the perfomance. capabilities of the: Atlas: ooster: but 
will assume relaxation of the ‘physical end temporal Limitations. The 
| 7 eavanced vehicle will provide a possible orbiting capability, but at 


reduced payload, ‘using boosters of lower performance than Atlas such as IRBM 
or large, solid rockets. 
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c - Solution ang Recommendation 


| The configurations of the Pioneer and Advancea vehicles are 


basically the same - a cylindrical ‘body with a conical nose. The diameter 
of the cylinder of the Pioneer ig | determined by the available diameter of | 

the Atlas booster » 41 inches, The Length -of the Pioneer vehicle is 18 feet ’ 

which is the maximum allowed by the height of the present launching stand. 
The dimensions of the Advanced vehicle will be made compatible with ‘the 

| Modified Atlas booster and the requirenents of the propulsion and other 


basic subsystems as.vell as with the larger payloads. Our examinations . 





 +bave shown that. the shape of the Pioneer vehicle has very little effect on . 


equipment packaging requirements - Investigation has shown that for the 
_ @iven shape the akin thicknesses shown in the appendix were necessary. The 


Drawings of the configuration and the inboard profile are 
included in the appendix. | 4 : 
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2. Inboard Profile : | — 

The principal components in the center section of the airframe 
are the Propellant: and pressurization gas ‘tanks. These are basically 
spherical in shape and are nested BO that each tank is partially ieee aol 
in the next larger tank. The high pressures ‘required Of & gas-fed system 


| dictated the shape of the tank and for these shapes the iit configuration 
of the tanks was Saas from oreo of the resulting — and 


rigidity. - 


The configuration chosen for the Pioneer vehicle is easily 


| produced. The See baal mounted from the bottom of the most rearward tank. 
- and is the largest component in the aft section of the vehicle. in addition | 


to the two : control engines mounted on opposite sides of the main engine 


annulus surrounding the engine. These components are exposed upon 1 seperation 
of the Satellite vehicle from the sustainer ; because the entire a he | 
section remains with the Atlas sustainer. ‘The components can be opened out | 


; and | reoriented as + necessary during orbiting. 


| The conical nose > compartment contains the euxtliary Power 


source, the guidance and control unit ? and other small payload components - 


as required. It should be noted that an ogival nose shape can be a&ccommo- 
dated which will allow more space for payload components ; if needed. 
Communication and power transmission between the forward and 


after | compartments can be accomplished through the Space between the tanks 


A-Tab 1, p 3 
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and the outer skin. 1 
Lines and valves, 


the outer skin. 


‘pressure-stabilized eysten, ‘achieving some saving in weight. 


3. Structure 


The tank assenbly of the Pioneer vehicle | 


is the Shiiiitnine 
‘backbone of the vehicle. 


Thrust Loads from the hooster are transmitted 
through the structure of the adapter section to the 


conical support for . 
the propellhnt tanks. 


The adapter section is in effect a. circular colum 
consisting of a magnesium skin 1 stiffened by several eq 


and circumferential rings . ! 
| in the tank walls to the engine mount. Conversely, when the engine is 
its loads are transmitted “hrough meee 


bottoms and thence, Like the booster loads 


“The nose cone is Theale only 


en aerodynamic shield for the forward suet of the missile. ‘The region of 


external skin between the two thrust cones is. entirely non- 


structural and 
is used for eo nting Slot antennas. 
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b. Compatibility vith Atlas | 
: The achievement of compatibility v with the present Atlas 
system has determined the design of the Pioneer. vehicle, This vehicle 
will be carried by the booster using an edapter section which will fit 
the attachment rings for ha! present nose. the adapter section will 
remain with the secbtas on separation. The Length of the vehicle is 
determined by the clearance between the Atlas booster and the gantry 


crane of the present launcher, The weight of the early versions of the 


Pioneer vehicle will be that of the present Atlas booster payload; this 
will be increased to the maximum safe booster loading as the Program 


| develops. The only changes in the present Atlas system will be in the 
| trajectory, 


The Advancea vehicle will require attains of the 
Atlas system to utilize ‘the complete capability of the Atlas booster, 


| which will involve redesign of the launcher and the front of the booster, 


oe Aerodynamias | 
» Investigation of the aerodynamics of the Atlas vehicle 
indicates that about 2. 3 Ba cent of “he voted. impulse of the propul.- 


sion system ts: “dtustpatea “in the: drag effect. ‘Further, ait is indicated | 


that redes igning the Pioneer vehicle can only change this between the 
Limits of 2.4 to 2.6 per cent, ‘which indicates that scme other require. | 
ment will dictate the size and ‘Shape. For example, ‘the aerodynamic 
heating during the early stages of the boost is more important. The 
Pioneer vehicle is designed 80 thet its vemperature rise will not 
dewciae its structural integrity. 


| ee et eee 7 A~Tab 15 p5 








6. | Performance b ete: | 
2 The performance of the Atlas: was. “dnvestigatea for the ‘Present 
Payload of 3; 500 pounds and for the present maximum payload capability of 
7,000 pounds, The Pioneer vehicle was designed to use this. performance 


; and to give the additional performance required to achieve orbital cape 


bility with peyloads adequate to accomplish visual reconnaissance. The 
Advanced vehicle is designed to achieve the maximum payload on orbit 
for the performance of the Atlas booster. =e complete Picture of the 
| performance is shown in the appendix. | 


Te Environmental Control , 
ee 


The airframe wilt furnish tenperature control for the pay - 
load components. Present studies indicate that using the power dissi- 
_ pated. ‘Gogether with Properly designed insulation end radiation shields 
the correct operating temperatures for. ‘the components can be maintained. 
The design will be made after tests in the environmental chamber have 
been completed. No other ‘type of environnental control wilt be 
| performed by the eirfrene. | 
‘8. G. G.F.E. 


Sas a --fhe-overal.. environmental, requirments-tndieate that: no - 
pert of this’ subsysten will be G.F.E, | 


9% ‘Destruct Sys stem : 
| A destruct system wil be Ancorporated in the orbiting 
vehicle. This systen will destroy the capability of the vehicle to 
; reenter the atmosphere successfully, . _ Tt. does not seem necessary. to 


employ @ destruct system which’ wilt; Operate during the boost phase . 
since the Atlas has ee Wet 
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Subsystem A, AIRFRAME 
 APPENEIX 


The intent ice this section is to present a vehicle system deat. 
for the ARS. The following study refere primarily to Se of the | 
Pioneer order. oe 
The bas ic problem requires: , 
i. Vehicle orbitel capability with an acceptable payload. 
ee Development of equipments and systems which would be ; compatible 
with an orbit environment. | | 
1.1 Approach | | | | | 
| ‘Time-seale requirements oe the predominating influence on 
early vehicle systems .. | ‘The following ground rules were adopted as the 
nost promising for achievement of the desired end product. 
le The evolution of systen should provide & high probebiiity 
- of achieving an artificial satellite in time for the Igy. ‘ 
i a 2. The XSM-65 Series "on Convair Atlas missile is to be used 
| as the booster unit for the orbiting stage unit. The — | 
i | orbiting stage unit Teplaces the Atlas warhead (3500 pounds). 
| | | The orbiting Stage must be designed to be compatible with 
7 7 | | | the ground handling and | Launching systeus equipment for 
| the Atlas missile. | 





3. 


MSD 1536. 





The orbiting stage Propellant tankage and Propellant > 


feed systems are to accommodate the amount of Propellant 


omer if ‘the Atlas pocnter renge capebility is degradea | 
by 308. 


‘The orbiting. stage Propulsion systen is to be a liquid 


propellant rocket type in the 33000 to 10,000 lb thrust 


| (in & vacuum) category. 


The function of stage separation for the satellite vehicle 
will occur shortly after ‘the booster burn-out to enable 


the orbiting vehicle attitude control systen to provide 
attitude control of the orbiting vehicle during the long — 


coasting period in the trajectory, and prior to starting 
of engines of the orbital vehicle, 


The aerial reconnaissance sila capebili ty potentiad will 


be detionstrated using two separate versions of aa sane 


basie vehicle. 


The payload is defined as only those equipments or energy 


iets un which are carried aloft for performing functions 
nn aery_atter the machine ig established in an orbit, _ 
een © 


The ground rules adopted ‘Suggest the direction of evPEvach: 


and in some cases establish ‘design pat osopiy. 
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1.2 Design Concepts 


The first four ground Miles have the eee influence on the 


satellite design. ‘The vehicle system that has evolved incorporates no 
major deviations from the present state of the art and the limi tea de- 
| velopment meGensery presents no unusual technical problems. The vehicle 


configuration and system designs are ‘net completely optimized in view 
of the adopted grouna rules. However, comparison studies were made in- 
volving major vehi cle structure » and the effects of varying propuleion 


| systems, to back uP: the vehicle configuration presented, 


The first ground rule reduces the hardware selection problem 
to. @ matter of ovetlabiltity. Propulsion possibilities erwrored inclnd- 
ing engines proposed or under development by several ee manufacturers 5 
ranged in thrust from 7500 to 9500 1b in vecum, a 

Designs using many engines and various ‘Propellant conbinstions 


were considered, ‘The power plant selected was the ners Vanguard gas 


Pressure-fed engine with a thrust in a vacuum of 7500 lb, a specific 
| impulse of 278 Bec, and utilizes UDMH + WENA as propellants. 


The second ground rule limits the size end design weight of 
the orbiting vehicle, and it also imposes the major structural design 
criteria for all structure of the orbiting vehicle with the ° exception of 


the tank system. The Length of the configuration (216 inches ) was deter- 


mined by the consideration of gantry clearance of the SM-65 Atlas in its 
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ameter vas held ‘to 61 inches which permits ite installation on the booster 
with no structural rework of the booster, | | =| : 
| Model trajectories using the SM-65 Atlas booster were calculated, 
which indicated the system boost phase or exit physics design require. 
ments, Flight path tangential pone are Were plotted versus altitude 
and versus time; also Mach number yg, altitude was Plotted, | This informa- 
tion permitted the determination of basic information for structural and 
system design requirenents such as: | | 
| i. Acceleration loads on orbiting stage structure, systens _ | 
and components, | | | 
2. Aerodynamic structural heating effects. | 
3. Streaturel system dynamics investigations. | a 
“The third ground rule Was adopted én the basis of insurance Lor 

| achieving orbiting even if booster performance ig 30% below par. It ig | 
Logical to assume such booster degradation in the early firing 
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: Ground rule h limits the use of solid rockets. In this connec - 
tion, there are problems of obteining acceptable specific impulse » vehi- 
cle path control » end engine thrust cut ~off. 

1.3 Solution and Hecomendations 

| Vehicle sizes and general arrangement are “shown in Figs 1-1 | 
through 1-4. The arrangements, for the basic OTV, Pioneer Visual Recon- 
naissance, and Pioneer Ferret versions are included, The photo recon- 
nei ssance and ferret versions are accomplished by adding their respective 
equipments end ‘Supporting structural systens to the basic OTV. 

| During the boost Atlas phase of the Ory trajectory, & tangential 


seneieee ts of 6. 5 &'s is experienced with & payload of 3500 lb. For 


design purposes a figure of 8.0 g's was used in aie of the pos- 
sible use of & wide ‘Tange of trajectories. A transverse or ‘lateral load : 
ing of 1.0 ¢ was employed. The aerodynamic heating experienced by the | 
structure permitted the use of 0.020 stainless steel or 0.070 magnesium 


| alloy ata Point two feet aft of the end of the nose cone. The design 


aneentian acceleration during sustainer oe operation of the OTV was 


5 a's. 


The vehicle consists of a working hard core missile ayeten 
covered by a thin semi -non. “working shell. The working hara core is the 


| load wenster and load eupporting agent to which is attached all equip- | 


ments and cubsystens and consists of. three Nested pressurized spherical 


tanks ’ having the rocket engine attached at one end of the combination, 


and the guidance and control Beene and orbiting stage ® euctliery ‘power | 


system attached to. the other end. | 
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supporting system for the guidance and control systens » and the orbiting 


stage storage battery power Source. A chemical APU system with appro- 


and within the time-scales required. 


The rocket propulsion system shown is a version of the Aerojet. 


Vanguard gimbaled engine, A 20:1 nozzle expansion ratio is used. The | 
_ bwo email gimbaled rocket control engines ; 


each with a 150 lb thrust in 
 & vacuum, are added, and operate from the main engine system. 
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control systen during Powered flight, or possibly by a gas jets in 
combination with the attitude control systen. If the gimbeled engine 
is used, a one Toot increase in vehicle length will probably result, 
and some oxidizer tank revision will have to be made, Since the Navy 
ensivs incorporates & conical engine mount that also serves as a . tank 
botten. 

The first two feet of the nose cone pore is of stainless | 
Steel and incorporates: & lifting eye for hoisting the vehicle, The 


—=iLifting eye is covered by a removable steel cap. ‘The remainder of the 


ring conical fairing is 0.070 magnesium alloy. Access to the guidance 
and control compartment is provided. The complete conical fairing is 
removable. The nose compartment is thermo- ~insulated with fiberglas 
insulation backed with & radiant heat foil reflector, The compartment 


can be Pressurized if necessary. 


The short cylindrical section fairing is. reserved tor various 
Elot type istanne installations. The antenna dielectric will be of 


sintered alumina or some other heat-resistant dielectric. 


The orbiting vehicle is attached to the Atlas — by 


‘means of a cylindrical adapter or skirt section. ‘The adapter is perma- 


nently fixed by bolting (or other means ) to the Atlas at spproximately 


| vehicle station hos, It is a magnesium alloy semi -monocoque structure 


utilizing skin, longi tudinal members, and frames. The forward end of 
the adapter is connected to orbiting vehicle utilizing a machined ring 
and clemp arrangement, The longi tudinal eee Torces ‘during the 


rr? 








| boost phase of the trajectory, are trans 


_ to the orbital stage. ‘The loads are trans 


ferred by the 
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Will ignite an explosive Charge, Severing a mechanical connection of the 
adapter Clamping ring which is in a state of tension. : 
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been incorporated into the design to insure the proper emergence of the 
overhanging equipments on the orbiting Vehicle. Should further investi - , 
impulse to cause the body velocity 


differential at separation » & simple mechanical system can be incorporated. 
The in-flight pressurization system for the Ploneer Reconnais- 


The pressurization system consists primarily of a spherical 
high pressure storage tank, '& heat exchanger, | two stages of pressure re- 
duction, control, check and vent valves, and the necessary line as indi- 
cated in the schematic Glagram Fig. 1-5. As can be seen fron. the general 
arrangement drewings Figs, 1-1 through 1-1, this system is quite compact 


and fits easily into the space between the tank assembly end the outer 


pally selection of readily available components. Fabrication of the 


high pressure sphere is within the Btate of the art. The heat exchanger, 
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is achieved by initiating the sequence with an electrically actuated 








lant overflow or vent lines. | Pressure requirements for these breliminary 


functions will vary with the Peyload weights supported by the tanks and 
Can readily be computed for each case, Elimination of the low pressure 


 Squipment from the airborne System not only reduces the weight but also 
enhances the reliability of the vehicle, 


Proper Sequencing of pressurizing (or venting) of the propellant 


| tanks to maintein a higher Pressure in the upper tank than in the lower | 


One ig necessary to prevent inversion of the intertank bulkhead. This | 


‘ 


equipment have not ag yet been carried sufficiently far to permit shewing 


ef env omental control equipment or systens in the vehicle design, En- | 


vironmental requirements have been established in orders of magnitude for 
some Cquipments. When s suffic ient number of such requirements become 


the satellite will be of the order of 5%, This indicates a need for gen. 


erating and controlling additional heat. This may require combustion heat. | 


ers and/or the use of solar energy. | The need for using fluid and gaseous 


: oo fe aS 
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reservoirs » and plumbing is antic ipeted, “Extensive epplication of thermo~ 
| insulating end radiant heat ‘Teflecting ¢ or absorbing materials to the in~ 
4 stallations will undoubtedly be required. one question of miltiple self. 


| ihas not been resolved - Environment control — either Compartments or r single 


package has not been resolved in a firm manner. The vehicle design will 
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2. VEHICLE ‘PERFORMANCE 

The performance of the Atlas was investigated under the assumption 7 
that the present payload stage could be replaced with & ‘final powered 
stage. The energy per unit mass of the finel stage at sustainer burn- 
out was estimated for several weights of the final stage. The additional 
performance required of the final stage to put a payload in circular 
orbit at 300 nautical miles shave the . earth was. determined as a function 
——«6OF. initial energy per unit Mass, gross weight, and burn-out weight, for Z 
a given propellant performance. In these calculations the final stage, 
for a given propulsion systen, was assumed to coast to the point where 
‘firing would cause burn-out of the propellant at the instant orbitel — 
velocity and altitude were reached. The results of these calculations 
are shown in Fig. 2-1) In this figure, energy E per unit mass of one 

body in orbit about its ae is given by 
a | - “a 4 

r 


_—— v is the velocity of the body relative to the center of mass of) 





the two-body syeten, r is. the distance of the body from this center of 
mass, and fen isa constant of the system involving the masses of the two 
bodies and the gravitational attraction constant. The ‘energy E will 
have a negative ‘Sign for & | body which does not escape from its primary. 
The gross weight is that of the stage going into orbit and the burn-out 


Weight is the sum of. the veights of i a structure, » and trapped 


propellant. The adapter and separation gear of this final stage was 
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assumed te ates with the Atlas Pts) that ites: payload weight | was 160 pounds 


| create San! the gross welght « of the orbiting vehicle. | From the impulse 


relationship | 
= : @ Bp 
Av Tg, 6 in (1 n= ) | 
where Av is the venscl ey added by peeing the propellant, Tap is the 
specific impulse of the propellant, Bp is the mass of propellant, and 


‘Wg is the initial mass , then 


the change in mass of propellant A™ required for a oo of specific 


impulseatgp is given by 





amy = - ATsp : oe » 
| sp 7 


Using this relationship the burn-out weights for other Propellant per- | 


formances were determined. 


Using the value shown in Ref. 1 the relationship of the energy 


per unit mass of the payload and the maximum range of the payload was de- 


termined. This was applied to the Atlas, where the undegraded Atlas was 
assumed to have a capebility of 5 »500 n. miles maximum range with a 3,300 
1b warhead and the resulting total energies for several ranges were deter- 
mined. Using these relationships and the burn-out weights of the Pioneer 
and Advanced vehicles, the weights of the payloads as functions of the . 


initial gross weights and the Atlas range capability are shown in Figs. 


2-2 and 2-3. Since both vehicles can secommodate any quantity of propell- 


ant less than the maximum , both can a be used over a wide range of pevieala: | 
for any performance of the Atlas. ‘The preliminary design of the Advanced — 


vehicle is discussed in Ref. 2 and illustrated in Fig. 3-6 in the same 


reference. 
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3.  ABRODYNAMTCS 

~The aerodynamic studies for the PIED 1 PIPER are essentially Limitea 
to the initial boost phase which is the only portion of ‘he flight oce- 
curring in the atmosphere. Thus » the principal aerodynamic considera- 
tions are (1) the drag and stability of the ATLAS as affected by substi-- 
tution of the ory for the ATLAS warhead, and (2) ‘the aerodynamic heating 
and airlosds- on the OFV as. it is boosted through the SMCeTnSTS: 

‘3.1 Brag” 

The drag of the PIED PIPER boost configuration was epproxi- 
mated by sititiine an ATLAS ing coefficient curve to account for the 
difference in drag of the ATLAS warhead end a cone “cylinder Ory with a 
14° half-angle cone. Using this derived drag coefficient curve and the 
trajectory date shown in Fig. 3-1, the drag impulse of the PIED PIPER 
was calculated and found to be approximately three percent of the thrust 
impulse. The drag of the OTV is only about eight percent of the total 
drag of the configuration; thus the drag iuciies of the Orv is spout 
(0.25% of the initial boost thrust impulse. Considering the small. drag 
impulse of the OIV it is apparent that varying the configuration of the 
OTV within reasonable limits would not t perceptibly affect the boost 
performance of the PIED PIPER. 


3.2 Stability | | | 
The tip of the nose cone of the Orv extends nearly 11 feet 


‘This 
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of the spherically blunted + warhead with a | relatively sharp cone point, 


the displacement of the center of pressure is quite small. It is esti- 


mated ‘hat at Mach nunbers greater than 1. 0 , the OTV moves ‘the center _ 
of pressure of the ATLAS forward about 12 inches. 
3.3 Air Air Loads 


| ‘The load distribution on the OTV can. be easily approximated 


“because of the simple cone~cylinder configuration of the vehicle. toay<.. 


ing due to penetration of & sharp edged gust was estimated to provide 


data for calculating bending moments at various points along the OF. 


A 150 foot per second gust at an. altitude of '35,.000 feet was assumed 
and the eerodyniamic loads were calculated for the angle of attack of 6° 


- caused by the gust encounter. This gust condi tion is rather extreme 


and is introduced to cause the nexcianm aerodynamic loads the structure 


Will be expected to withstand. 


3.4 Aerodynant c Heating 


Skin heating enalyses were perforned at several different loca- 
tions for two geometric configurations of the Orv. Sketches of the two 


configurations Which are basically a 15° total. angle conical body and 


| a ae total angle cone with a cylindrical afterbody are shown in Pig, 3-2. 


| these eile: 
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| | Transient ‘temperature ‘calculations, P using the trajectory shown 
in Fig. +341, were performed on an TEM 650 computer assuming various. 
gages of stainless Steel, elieetncm alloy, and magnesium alloy for each 
location and configuration. — A resume of the calculated peak temperature 
for each combination of pereneters is presented in Fig. 3-2. : 
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ok. STRUCTURES | 
| The structural loads, enalysis, ; materials, iedies and complete. 
wei ght breakdown of the vehicle are treated in this section. Major 
| structural design details are considered when they affect vehicle 
configuration and weight analysis. 
4.2 does | 
bet Handling 
| ‘The transportation equipment is designed to avoid 
stresses atove those derived from flight conditions. Cradling and 
lifting are aa be ‘sccompli shed according to this ee 
Hoisting the vehicle onto the booster is accom- 
| plishea by using an eyebolt and plate attached to the Rose fairing 
structure. The ultimate hoist Load tactor is 3 at is° pull-off. | 
41.2. Flight 
| The launching ica factor of the complete oe 
dis 1.5. This is not a ae structural aes for this 
vehicle. | . 


In designing the nose and. skirt strueture , a eee. 


| condition Was investigated. Since the compressive strength of the 


outer shell is determined under other conditions, » the vehicle is 
structurally capable of withstanding a 150 feet ‘ber second sharp 
edged gust (oc = ¢° ). This vould be very conservative. 





i ae 


REG . 
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‘The oritical, condition for the primary structure | 
occurs at first stage burn-out. The tangential acceleration is at: 


a maximum and is equal to (225 . + 32.2). ft/sec" or 8 g's ieee 


Trajectory of CMCC cM 281.1825; wp 96-0025). The side load factor 


was arbitrarily chosen to be 1. 0 for design purposes; this combines 
& reasonable bending monent with the axial load. fede condition is 
treated in. detail in Sec. 5, Structural Rnalyeie., : 

| The separation of this vehicle fron the booster | 
presents no primary strength problems. 


At the end of casting & aegis thrust of 10,000 
pounds ig experienced on this vehicle. This designs the engine 


mount in the compression sense and the tie in | structure between 
' the tanks and propulsion unit. 


There are no 0 structural problems at orbiting. 
4.2 Structural Analysis | | 


The primary structure consists of a stiffened shell, the 


spherical propellant tanks, and the Propuls ies unit mounting. 


Three materials were cons iderea for the shell struc- 


ture: magnesium KSLA alloy, stainless steel AM 350, and an aluminum 


606187. The materials must possess the following general properties: 


high buckling strength - weight ratio at 500°F. , weldability, and 


panel flutter failure Prevention. Magnesium HK31A excels on each of 


‘the above requirements - Mechanical properties are given in the san- 





oA te a wen 
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| ‘Ple: ealeulatia portion. ‘There is. no panel flutter with t = 0. o70 


With a panel length of approximately 22", ; since an *nteraal shell 


‘Pressure of 6 psi is contemplated, (Ref. 3). 


If further study indicates that BK3LA is not suitable from 
& temperature standpoint, an 0.020 AM 350 Stainless steel under 


internal Pressure can easily be utilized. 


Stainless steel AM 350 is used for the high pressure spherical. 
tanks. This steel exhibits almost 1004 efficiency on welded Joints; 
however, an 854 probability factor is used. At reasonable heat treats 
welded specimens vere tested to 197 2000 psi at room touperature. Cor- 
rosion resistance and high strength and ‘Creep rupture are Of prime 


| importance for this tank application. 


Any high heat cena steel can be utilized for the propul- 
sion unit mounting structure. | 
Four tank configurations ; iskteked ss in: Tablem.6-15, s 26, 17 
of this Appendix, » Were considered. utilizing a chanber Pressure of epprox- 


imately 310 psi. the configuration assumed a chemical APU tank mounted 


on top of the fuel tank. ‘the weights of the tank proper structure in-. 
eluding tank bottoms and rings are elven in the weight analysis part. 

A typical calculation is given at the end of this Section to demonstrate 
the superiority of spherical tanks over evlindrteat tanks with conical 


tank ends. the hoop stresses of (cylindrical tanks are twice those of 
spherical tanks, With well desi gnea tank es, the gage is three 


aye 
he Sikes. 


am 
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times that of a aphaxe,° In a alaition, a hoop compression ae mst be 
included to prevent tank ecllapse at the intersection of the tank end | 
and side. A typical rng Section is shown in the sample ealeulation 
portion of this section. The tank study shows that each eylindrical 
tank configuration weighs svproximately L 1000 pounds against the 350 
pounds for the spherical configuration. 
The final tank configuration utilizing spherical tanks is 

shown in Paragraph Sole With the pressure-fed system, this is the most 
efficient structure that can be used. Mechanical properties. » assump- 


| tions » and stress analysis of the primary structure are presented in 


the semple calculations. 
4AYA3 Structural Dynamics | 
Fo establish the possibility of "interaction of the elastic 
response of the vehicle and the dynamics of the control system, it is 
necessary to investigate the structural dynamics of the vehicle. In 


addition, this study is necessary to establish the dynanie loading of 


the structure of the orbiting stage and te lnvestigate ae Reena ety 


for the occurrence of dangerous structural resonances. For the sake of | 
order end clarity, the study is divided into two parts according to the — 
phase of the flight as sOrlewas : 


Le Orbiting Phase 
2. Boost Phase 


4, 3-1 Orbiting Phase 
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‘sub-phases: (1) the separation problem which includes the events nec- 
essary to enter an orbit, and (2) the orbiting problem. Tt Will be 
assumed that there are no excitations in the latter sub-phase; in the 
former there are many , the most. important being due to; 3 
1. The impulsive loading at separation 
2. Motor starting 
3 Meneuvering with the eontrol motors 


tare is relatively flexible ‘compared with the remainder of the « orbit- 
ing stage structure. For purpose of analysis » the main motor assembly 
will be assumed to be One rigid mass connected. by an elastic structure 
to another rigid mass comprising the tanks and equipment. While it is 
apparent that the ‘moter eavoubly is relatively rigid, the assumtion 
that the tanks are rigid requires some Justification. It may be shown 
that couplete and nearly complete thin, spherical shells vibrate only 
in modes which divelve primarily stretching of the wall with consequent 

| high energy storage, implying high natural frequencies. Thus, the tanks! 
structure, consisting of these types of shells » can have only relatively 
high natural frequencies suggesting that the rigidity assimption is | 
‘valid, | 


| Impulsive loading @ at Separation will be primarily longi- | 


tudinal, in which case there will be little expectation of difficulties. 
However, any lateral components may serve to excite lateral Vibrations 


of the motor en relative to the primary structure of the orbiting 
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Stage. The mode will be considered in ‘some detail below. The transient 
response of the structure due to motor starting has essentially the seme — 
nature as that due to separation impulse ‘ 


During maneuvering ' two different exeitations could be 


‘introduced by the control motors: pitch-yay end roll corrections a Pitch- 


yaw corrections could excite a vibration consisting of & combination of 


lateral translation and. rotation of the motor assembly relative to the 
primary structure. The lower ‘natural frequency of’ this mode Was found to 


be 6.4 cps. This calculation involved the use of Lagrange! 8 equations 
wherein the potential energy ineludea the strain energies due to bending r- 


extension, and compression of the tubular motor supports. Ineluding the 


requirements of conservation of linear and angular momenta reduced the 


ions this mode could be exc ited by lateral components, due to ‘mupaeaties 
impulse and motor starting. = 

Roll corrections Can induce a mode wherein the motor | 
assenbly has. a eotitine about the vehicle axis relative to the primary 


structure. By a method similar to that used above the dower natural fre-. | 


quency in sais mode was found to be 9.9 eps. in calculating this frequency 
it was assumed that the potential energy consisted Cane in that due to 
bending of the tubular supporting structure. 

4, 3. 2 Boost Phase 


It is antic ipated ‘that the control system of the orb iting 


stage may Be ae to monitor the flight — the boost phase. 





if vibration of components within orbiting Stage are 
‘In order to arrive at the fun 
and frequency, the vehicle was simulated by 
flexural rigidity distribution identic 
4-1 shows the distributions used in the 


culations of the model shapes end frequencie 


computer using & program based on Stodols' 








to be considered. 
damental eyes mode shape | 
-free beam with mass ang 
al to that of the vehicle, ‘Table 
se computations. These data represent 
the best estimates available at the time of calculations. 
| . 8 were performed on the IEM 650 
6 iterative method. ‘the result- 


that the model shapes 
the forvard end of the vehicle, 
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stage that could be excited by the general vibrations of the complete 


vehicle, two seem to Be = primary’ importance : : lateral and torsional 


vibrations of the motor assembly relative to the remainder of the vehicle. ° 


In estimating the natural ‘frequencies of these modes it 


was assumed thet the motor assembly of the orbiting stage constituted a 


rigid MASS. connected by an elastic structure to an infinitely massive, 


rigid body which was aseuned to simulate the remainder of the vehicle. 


‘The Lateral mode is @ comb ination of lateral translation and penreae with. 


a lower natural frequency of 5.2 i The torsional sods has a naturel 
frequency of 8. 6 eps. 


| The torsional mode could be excited ‘by roll corrections 
or by coupling with torsional vibrations of the complete vehicle. 


The lateral mode could be excited by pitch-yaw corrections | 


of by coupling with lateral vibrations of the complete vehicle, | From Fig. 


hel » it is seen that the vehicle has fundamental flexural normal modes. 


of 3. 4 cps at launch and of 9. 9 eps at second-stage ‘burn-out. Between 


lainak and second-stage burn-out & mode will exist with & natural frequency 


coinciding with the figure of 5.2 eps caloulated above for the lateral mode — 
of the orbiting stage motor assenbly. Obviously, the possibility of a 


dangerous resonance exists and further study is required to establish its 


severity. 
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TABLE 2. | | 
WEIGHT AND ‘RIOIDIPY DrsmRrBUrTOns | 
| - (Boost PLUS REITING STAB) 
wr DATA 
ay 
a oe STA. m (aaa ; Rasp 8 LAUNCH Rican 
Oo (25900 Og oO 1.0 1.0 
| 311 5000. 5000 1.0 1.0 
2 363 24780 2h780 74.0 - 74.0 
3 S780 - 24780 7l,.0 74.0 
\ 487 30000-30000 3.5. 3.5 
5 51999 39500 a2 
6 57251900 $1900 37,2 42 
= 2 623 178000 == 178000 hizo. hee 
ae 675 379980 379980 70,2 h.2 
9 727 379980 = 379980. 470.2 h.2 
20 m9 “W7k960 = 74960 70.2 bed 
no 831 74960 474960 “U70.2 4.2 
2 883 474960 - 74960 W70,2, b.2 
3 935 57h960 7960 291440. 18.0 
yh 987 *.. 683960 683960 353.0 18.0. 
15 1039 683960. 683960 353.0 18.0 
16 1091 683960 683960 30.0 18.0 
17 U3. 7000v00 30000 250.0549. 
18 1195 7000000 3000062 
19 12h7 7090000 30000 126.0 


0.0 
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‘Fig. 4-1 _ Flexural Mode Shapes of Total Vehicle 
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gin 30° = 5; tan 60° = 2.73 
 Clroumference = 189 in. _— 
Cross sectional area = 2830 in@ 


| Vertical load : 2 2830 x x 320 
| em ™ 910,000 Ib. 


Loading’ « a 4800 10/in 


: Along cone = 4800 = 9600 1b/in 
fe Ib/tn. : sa k's ae e/ 
8300 1b/in, ts im 
2 win. | engi tadtnally, a 
| - ‘This induces compression in the 
9600 ib/in, | 7 


ring due to change in direction, 


Hoop tension relief: | | a 
Conical at A «= ee x x13 - 17,700 io/in 2 


cylindrical at B's Box , = 9600 Ib/in 


+ dadene average x length A:to B is relief load in ao 


Average is 13650 lb/in and f «= 3.6 in.; therefore, 
load is 4,800 Ibs 








Hoop. tension relief loading ~— 





Net load in ring is 248,000 - 47,800 = 200,000 1b 
Net Dp = = = 6700 lb/in. - 

; 3z1 | | a | | 
Py 2 erayecet oe for ring buckling 
| Trequired we | 6700 x 27 000 
| 3x 30x10. 
for this particular 


pressure and angle, 
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_ dade Structural Test | 
The structural testing of this vehicle 48 to be performed as 


deseribea below. in general, ; Lockheed conducts all teats except the proof 


Loading of the spherical. eney this is to be done by the tank manufactur- | 


er. Any testing vith tanks pressurized must be performed under . explosive 
conditions, ; since the pressures are Bo great. | 
The miscellaneous tests cons iat of engine mount ; hoist, 
“ease ; welded magnesium and AM 350. steel specimens » natural frequency of. 
engine and tank combination, a and any other necessary structure. Any heat 
simulation can be attained by means of radiant energy Lamps. | 
The gust condition (altitude h = = 35, 000; U= 100 ft/sec) is 


critical for the nose shell and nose-tank attack structure. This test is : 


to be simlated by means ofa ‘whiffle tree. attached to the shell with tanks 
‘pressurized. ‘Te latter is ‘necessary since ‘the bending must be taken by 
the tanks betveen the eone base and the seperation acai as noted in the 
eet in paragraph 5. 3- 


The maximum Long! tudinal Load factor condition at first stage 
burn-out is tested last. ‘This condition is critical. for most of the 


| structure and is the failing load test. The hose cone may be renoved 


during this test in order that similatea load can be imposed on the equip- 


ment racks - AML load is generated by means of hydraulic Jacks and tension 


straps. The skirt of the vehicle is so mounted ag to simulate booster 


attach. 
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5+ STRUCTURAL ANALYSIS : | 
‘The following assumptions have been made ; 
1. Stress. formas from Ref . 6. . 
2. “Load f factor of a. 5 for any hie type conditions and tank 
| design since they are pressurized on the ground. the aeet 


factor of flight conditions is 1. 25, 
3. Weld efficiency is 854%. 


4. ULE.8. for A350 stainless thin sheet at room temperature | 
ts 198500 psi. Limit allovable stress is therefore: 


298500 x = a 112,200 psi (Ref. 4) 


“1.5 | 
5. For thick members Such as rings, U.S. of AM350 is. 
7 160,000 pei. sO | | | | 
6. Mechanical Properties of EK3LA mapiees ie (Ref. 9) are in 
Figs. 5-1 and 5-2, - 


Te Compression on curved sheet is + conservatively entimated as 


ce 
egy “(nee : 6) | 
8. Design gross weight We of the orbiting vehicle is 3500 1b 


for ell structure except the spherical tanks (and hoist — 
<7 











AVYB50 U.T.S. subcooled and — 
Tempered 








30 = ™ Lo oem ene 

| = ra . 
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Fig 5-1, Mechanten eroneebine: of AM350 Stainless Steel | 
| and HK 31A Magnesium ams | 
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Sl. Tank Bemis: (Final Configuration) — 
CONDITION : 


TANK DATA: 
(1) p = 3000 psi 


d «= 32" 
v= 10.2 £t3 


(2) p= 315 psi 
- @ a kyon | 
. We 19.6 rt? | 
(3) p = 300 psi 
je 5h." 3 





“Required gages for strength 
utilizing AM350 stainless steel: 


te pd 7 
(1) t 000 x 32 a . oe 
| PTB Be — — 


(2) t.. 330 x 4.2 


.032h . 036 


(3) t. _329 x54  . .0396 _ -Ob5 
' NOTES; 1. Pressures include head and assumed tolerance of 
| ‘5 psi | 
2, Gage on tank (3) increased because of engine | 
| * mount attach. stad 
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(5.2 Tank Intersection Rings | _ 
Condition: Burnout of first stage, Ne = 6500 lb, 
h = 200,000, n, = 8.0, ny = 1.0, Tank Design 


Pressures as Shown. 


, ( 1) 
(4) 
(3) 


(2) Forces at 
intersection 





cos = .82 


Helium Tank: a@ = 32in 
Cross Sectional Area - 80h in : 
Circumference = 101 in 


UDMH Tenk: = = 2 an | 
Cross Sectional Area - 1530 in = 
Circumference 2 139 in- 








| -Zension Ring at A — we, 8 


Loading (ay tee ieee ~ 3200 x Soh 
7 Cireumferencs | 101 


Loading (2) 23,800 7 


wy Area 8 2685 x 80h 
7 Circumference 101 


: 21,300 20/s0 
a (3) 315x 80h sr 3450 1b/in 
~- 10L x «73 _* = 
Loading (4) 3450 sin 43° 
= 2350 Ib/in 





7 T= 2350 x 32° 
aire ety feo 
| | 37,600 lb 
STE ES : 4 | 
Area required = 160,000 °352 in® at A 
“‘Mension Ring at B ee ee eee 
| x 1530 
Loading (1) ee ' 3630 1b/in 


loading (2) 30x 1530 330 2b/in 


Loading (3) HOH 1930 ‘= 4030 1/in 


ho30 x hh.2 ‘ 89,000 Ib 
5" 3 ’ 


i. | 89,000 x1.5 - 836 in* at B 
Are uired « - 3 
2 = red 160, 000 : 
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(eee 


. 


as - % ee 
4 . 
. ; é. @ *: Ns 
" as 
; ; 2 3 oa 
‘. . . e: 
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— «5.3 Tank Attachments to Outer Shell 
| ‘Condition: Burn-out of first stage, W = 6500 lb 


h ~. 200,000°8, n. _ 8.0, n, = 1.0 






Stainless 
Stes! 


Separation 
‘point — 














~050 7 
 Stainiess i} 025 
‘Uegnesium 


stee| 





063 Stainless 
Stee! tension 
Ting | 





Lower Attach _ 
—2Ner Attach 


Assume lower attach carries entire vertical load: 


W. = W, -(Weight of shell) | 
Wye 6500 - 300 | 6200 1b, Internal 1sad 
Vertical loading at A . S200 x8 . 895 iv/in 


‘Design loading along A-B is . 825 Te = 1460 1b/in 





we, 
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2 Looking Gown Circumference = 7.(49) = 154" : 
aa adaptor also cerries some side load. 


| Tension Ring (assuming no weld to tank) 


te BE2ED oy eos 
y x1.25 = ho,koo lp 
Required Area =. ae = .252 fal | 





Internal pressure is 325 psi aaa for this condition. 


‘Circumferential loading is 1170 x 1. 25 = 1460 1b/in. 


Distance S mst be at jeans ios has in. Ring is 


therefore 4.5 x .063 = .283 in”, 








ry 
7 erin 
' 


ol a oe con 





Upper Tank Attach 
Assume upper attach carries entire side load: 
‘Upper attach ring 
Vo = 6200lb R = 30" 


Pmx = TR Shear flow 





= 65.4 1b /in. 


: = K2q.2, © Shear buckling 


With t = .oho Fouckling . Toh x 30225 = 5550 pat 


T= 4 x 1.25 = 2050 pet 


(A minimm of .Ol0 is required for rigidity. 
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5.4 Shell Structure | | 

- Condition: Burnout of first 

se W = 6500 Ib, h = 200. ,000', 
= 8.0, n, = 1.0 






Stainless oom 
T = 652°F .020 steel! 
T= 549° 070 magnesium 


HIS IA magnesi um 


At plane A-B: 


Cross sectional area =. 2830 ing 
=| nj ya! .O Area of materia} = 43.4 fn 
_ Circumference = 189 jn, 


Moment of inertia 5900 iné 


T = 320% | 
-070 magnes{ um 
With internal pressure of 6 Bi: 
ase peo | 
| Bending moment = 3500 x 90 = 316,000 1b 
| ) _— | 
Relieving load = TE" (6) = 17,000 1b | 
G- = (28000 - 17000) + 316000 x 30 _ .,. 
BE 5900 -PS30 pa 
t = .070 - 3 


x 1.25 = 30h0 psi 


Phuckling =Qx 5.6 x 10° x (307) «3080 psi 





ae 


AEH 
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Lower Portion of Shell 
SR a nd 





~ Magnesium 


‘These face act as stabilizing menbers against bucking of 


the skin 
7 | Area of stiffner 
— = ee | | Area of web_ = +33 
| a 7 
| 


ms. 
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Lower Patton of Shell without Internal Pressure 
CO SUTE 


+ = .080 magnesium for panel flutter requirements 


Fruckiing" 9 5 bx 108 oeeyn* = 36h0 psi 


| A “1 at = 61 x .080 = 15.h in* 
= Wr3t = mt x .080 = 6800 int 


Siiee axial and moment loads act at the same time and t= +080 
is & requirement. 


3640 pst 
90% ultimate taken 


by .080 cylinder 
ao by stiffness 


x 


oe |28000 . 316000 30] 
1.25 [28000 + a = 


x 


1.2 See x 10% = - 3500 lb 
~— x 10% = 39,600 lb - 


. | ; . 2 £. _ 20 _ | 
T a A = .280 in P “ceig ~ 35.8 
| t= .080 


1.5" 


615 in F, = 15,000 psi (See 
a paragraph 5.1) 


bo 1" | se vinta at hoe int 


Pra) + BD : 1.25 * 6920 pei 





These stiffners would eumie be adequate. 


Se ag 


AIS) 


Sane a 
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5.5 Nose Cone Support Structure 


Condition: Gust of 100'/sec 
at 35,000' (This 
Is a conservative 






estimate, ) 
' 
Helium — | 
- tank Nose cone 
.090 magnesium 
| doubler 
| UBMH - 
tank Steel clip 
, , Bending in the 
(040 stee! 


nose shell equals 
110,000 Ib. from 
150*/sec design 
(1.5 Is used for 


column “Support . 








Cigidtty) 
R = 30,5» ——_L Pw 10,000. 1935 1b. Total 
“Antenna load per side 
wel! 7a 
1835 | _ 1835 
—cemmeeme oS 2400 !b; 


—————— = 1900 Ib. from shel] 


__\g cos 140 
f | = Point A . 
2400 cos 50 = 1900 Sin 14 


= 1080 Ib. into the ring 





machi 





3.5". gn 








i —_,{ = 


ZZ 3 or" 









+ = 090 
doub ler 
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tt 


18in 
t = .oko . 
A = 4.5 x .0hO 180 
g = 20 = 13,300 pet 


ee O11 in* _ 
p= {2 - fo 


= 27 


Fouckling = 20,000 psi 
Foolum = 18,000 pat 


ee = 1.5 


A= 12x .070= .8h 
OF 182 ‘= 2200 psi 


Fr = 2800 psi 
Bo-. 


Assume doubler takes all the 
load at lower end, | 


1835, | 
eT ae | 5100 psi 


> —, 7 7 ee ae 
Fo = 9x 4.8 x 10° (32) 
«090 | : | ‘ 


= 5200 psi 


ff 


REG 
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Condition: Burn-out of first 
stage, W, = 3500 lb 
h = 200,600 Ft 
Dy = 8.0, ny, = 1.0 





Me= 1200 x 22 = 26,400 tb. 

1200 Ib. x 8 = 9600 Ib, 

* Fee. : 
1200 Ib. 





_ Loads into the helium tank are | 
stabilized laterally by the 
internal high pressure, 


Compressive loading on brackets is critical; 


Assume AB takes all shear: 
a= = = 37.5 lb/in, 
_ *s — Vertical loading on each support: 
: Ly = PO = 5 w/in 


; 7 Assume the bending is taken by uniform loading along 
| | | OB, OC, and op (since flexibility increases going 
. from center to edge of platform), oe 


eB 59 





i 
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The tension loading due to moment is taken by the lash down straps 
at opposite points, A, F, and GC | 


; . : =a " 
1 aa 
ey J Bo 


nena due to moment ® 10,000. = 26 Ib/in 


24 x 
| | { | 1 Design ultimate vertical : 
q 7 i 5 ib/in ‘128 hyn ne 
=e 








Se ee 


“Total toed as ‘426 x 16 = 
— 2010 





Helium tank 


Wits SSN 


Assume OB is a beam supported on each end (ccnerrative) » Column BH 
must take acno/e. =z 1005 lb 


| rs ae 3 = 040 | A = » 100 | a = 006 


| | | restrained 
Z£=15 | P= .2h5 - trom twisting 





| 2 | 
| Fouckling = 20,000 psi Pp 61 


1005. 


go = “Toy 47 «(210,000 psi Foolum = 18, 000 pst 


‘Johnson-Euler 





SHEE 


| Saar ey * 


iy OM CE 
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True length, 10 inches 


True angle, 36° 






Cos 36° = .8} 


10,000 Ib, digaiign limit thrust 
Each member takes $0,000, _ = 3100 Ib. x 1.25 = 3880 Ib. 
x 


te t= .036 1" 0.D. 4130 (HT 95, 000 psi) steet een. 
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6. WEIGHT AND BALANCE 
This section includes detailed ab iniehiee for the Pioneer Orbiting 
Test Vehicle P Pioneering Visual Reconnaissance Vehicle ; and the Pioneer 
Ferret. ee ee Vehicle, P and contains the following weight compari- : 
gon studies: | | - | | 
1. Conical vs, ogive neue section 
2. Pressurized vs. non-pressurized aft section | 
3. Discussion - | Fressurization systen weight comparison 
, Propellant tank studies (high vs. low pressure) 
| UIME & WMA 
bd. aes & LOX 
Table 6-1 provides & summary of weights for the three vehicles. 
Moments of of inertia for the Pioneer Ferret Reconnaissance Vehicle are listed 
“in 1 Table 6-2. | 
Payload weights for the three vehicles are given in Tables = through 
bas. a | ae ; | 
In the weight empty ee in Tables 6-6 Sind 6-11, the pro- 
pellant tanks have not been listed under structure for the convenience 
of weight comparison. However, as all tanks are primary ati he 
encumbers, they should be considered &s structures. 
Table 6-12 presents a weight comparison of the nobe section for coni- 
cal and ‘ogive. .configurations. Table 6-13 presents & weight comparison 


for the skirt section (pressurized v versus non-pressurized). In these | 





go! 


FER 


Ef 


ee ey | 
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Comparisons identical values are omitted ; only divergent values are re. 


corded, 


propulsion systen and the pump-fed Propulsion system, Both systems are 


based on 3, 560 1b total propellant. 


88 fuel. ‘This study was based on 4, 3h0 1b total propellant. | 


6.1 Weight 


6-2 Moments of Inertia a 
‘The reference axts for moments of inertia are shown in the 
sketch. Roll moments of inertia are about - a 
the 2-Z axis. Pitch and yaw moments of in. 
ertia were assumed to be identical. _ 
| | The Pioneer Ferret Reconnaissance 
Vehicle was used as a typical example for 
the moment of inertia calculations i 


6.3 Center of Gravity | 


The longitudinal reference datum is located at the extreme tip 





of the nose hemisphere » which igs fuselage Station zero, The extreme art 


end of the vehicle is fuselage station 216.0. These stations are common 
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to all pioneer vehicles. A maximum center of gravity travel oceurs on the 


_. Pioneer OfV version. The center of gravity moves from Station 131 at sep- 


aration to Station = at ‘engine burn-out, & distance of nine inches .. This 
| center-of-gravity travel occurs in epproxinately 30 seconds ° 


The weight and center of a at engine burn-out reflect 20 
lb of fuel remain in the thrust chamber. 


ae Pressurization Systen Weight Comper isons | | 

- ok pressurization system, date sumary is presented in Table 6-18 
for the pressure-fed ‘Propulsion iets being proposed for the Pipades 
| Vehicle ana compared. with date for a pump-fed but otherwise similar systen. 
It will. be noted that the decrease in weight of the pressurization systen 
for the pump-fed propulsion system is about 18) pounds. About 168 pounds 
of this arises from the reduction of wall thickness of the helium tank made 
possible by the reduction of the mest pressure from 3000 to 335 pei. 
The. remaining 16 pounds <¢ an actual decrease in helium weight. 

Table 6-18 also shows thet an increase of weight of about 37 
pounds in the pump-fed system results if an APU fuel tank ef 19.8 eubic 
feet volume to be pressurized to 100 psi is added to the System. On the 
other hand, no change of weight of the. pressure-fed system is necessary | 
due to the large helium residual available between the 300 psi pressuri- 
zation Level and the LOO psi APU tank pressure. . 

Similarly, Table 6-19 shows: a 72 pound decrasse in pressurize 
_ tion system weights for LOX-JP-y APU systen if a turbopump is used in the 


propulsion. system instead of pressure feed, and the pressurizing helium 
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is stored at the teuperature of liquid oxygen. More striking, however, | is 
the weight comparison: between: helium storage at LOX temperature (-297°R) 
end at room (100°F assumed) temperature. The cost of not taking advant-~ 
age of. the opportunity for storing the pressurizing gas at LOX temperature 
is 125 pounds for the pressure-fed system, and 25 pounds for the pump-fed 
| systen. In both | cases, ‘the weight of ‘the warm gas storage system is vel 
over twice that of the cold gas storage systen. 
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TABLE 6-1 
WEIGHT AND BALANCE 


SUMMARY: 


Structure 
Propellant Tanks = ~ Assembly 
_ Propulsion System | 
Pressurization System 


Guidance & Attitude Control _ 


Distruct System 
C. G. @ Sta, 
PAYLOAD 
Equipment + Antemnae 7 


Power Source 
Propellant | 


TOTAL PAYLOAD 
| C. G. at Sta. | 


GROSS WEIGHT 
. CG. G. at Sta. 


_ Adapter Section | 


WEIGHT AT SEPARATTON 


C. G. at Sta. 


WEIGHT AT BURNOUT 
C. G. at Sta. 


A-Apax, p 62 


Pioneer 


Orbiting 


Test 


Vehicle | 


435 


163 


— 30 
150 


Gioia 


1,30, 
: (132) - 


Lol 


1,155 
2,186 


(135) 


(13h) 


(131) 


235209 


(122) , 
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Pioneer 


Visual 


- Recon. 
_ Vehicle 


438 
95 
163 


1,304 


— 


537 | 


ee 
2,186 


(137) 


— (135) 


FE 
(13h) 


2,209 
(126) 


po. 


De een me 





fo 
+ 


ARES 
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5 a 





uw 
; _ ar a f 
Cg c a“ _ 
3 A fe - 3 
ee " 7 “ 


TABLE 6.2 
MOMENTS OF TnERTTA 
PIONEER FERRET RECONNAISSANCE VEHICLE 


: WEIGHT 6. Mommas oF INERTIAx 
CONDITION — (Bs) (sta) PETCH OR YAW ROLL 

GROSS WEIGHT | 3,500,137 1020 150 

AT SEPARATION 3,3bh  —-136 930 120 


AT BURNOUT | B99 129 


820 110 


Lee neeeneeteeeeresee, : 


 ‘% SLUG FTe, 








"TABLE 6-3 
‘PAYLOAD: PIONEER ORBITAL. TEST VILLE 


| ITEMS | - a “WETOHT 
1. Beacon ee = 20 
¢. Command Receiver —  &. a § 
3. Telemetering __¢ =] Lo 
_k. Instrumentation - _ 00 
Antennae ly | ee * 
1. Slot (Beacon) 21 
3. Ni gklilvenetecuaagt ae -) 12 
4. Slot- 1 Space) (12. 
Total Equipment Weight and C. G. . 9h 1b at Sta. 170 
POWER SOURCE | 7 : 
1. Batteries (Sta. 57). 307 
26 Batteries dias 90) 200 


Total Power Source Weight and C. G. £37 1b at Sta. 72 


PROPELLANT So : 
1. Fuel - UM : 30h 
@. Oxidizer - WHA BRD 


Total. Propellant Weight and C. G. 1,155 Ib at Sta. 151 


TOTAL PAYLOAD WEIGHT AND C. G. «BT Ww at sta. 138 


A-Apdx, p 6h, 7 


WD 15% 





TAH 


ae ae 
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PAYLOAD: PIONEER VISUAL RECONNAISSANCE VEHICLE 


ITEMS EE  c30e 0. 
EQUIPMENT Se 
le Container - Seated (Incl. ) —  - 480 


. Film Processor ae 
Photo Readout Pickups 


2e TV Readout Electronics _ | 150 
Be TV Modulator + Data Transmitter 30 
he Command Receiver —— «8B 
5. Programmer _ 30 
6. Power Converter — 50 
7e Beacon Transponder 20 © 
8. Telemetering — Monitor LS 
Antennae — oo | , FS 
2e Slot « (Command) | 1.0. 
Be Slot = _ (Beacon) 1.00 
L. Dish 36" Assenbly (Incl, ) (40.0 
Dish - 36" ~ = 10g a 
Transmitter — lof 
Gimbal & Mts. == gg 
Servo Motor = «ang ae _ 
Total Equipment Weight and C. G. _ 537 Ib at Sta. 170 
POWER SOURCE Coa | 7 
1. Batteries (Sta. 57) 27h 
3- Gircuitry — 7 20 


Total Power Source Weight and C. G. 49h lb at Sta. 72 


PROPELLANT pe mo 3 
1. Fuel - UDMH fin 30h 
2. Oxidizer - WFNA = * 851 


Total Propellant Weight and C.G. 1,155 1b at Sta. 151 


TOTAL PAYLOAD WEIGHT AND c. . 8186 1b at Sta. 137 
- A-Apax, p 65 | 








EQUIPMENT . Map og | 
le Crystal Video Receivers (Ferret) : 150 
3e Data Recorder + Electronics , 150 
h. Data Transmitters (Incl. Spares) _ 8 
Se Cormand Receiver (Incl. Spares) 8 
6. Programmer =. 10 
7e Power Converter | a 50 
8. Beacon Transponder _ 20 
Je Telemetering - (Monitor) — his 
Antennae I ee 
de Dish « 35" | (Incl. Mts. & Fittings) 13 
2e Dish - 25" ot fr cf = 8 
3e Dish ~ 17" oe " SR | h 
ye Dish= 21" 8 on on in 2 
5e Helix = 11" DiasCoil (Incl.Mts.& 30 
| 7 .. Pittings) 
6. Helix - 5" Dia.Coil oon «618 
‘Te Helix «2,51 Dia.Coill " 8 a 18 
8. Slot ~ Circum, (Tele-Monitor) 12 
9e Slot = Circun, (Data-Ferret) 22 
ll. Slot (Beacon) - _1 
Total Equipment Weight and C. G., 590 lb at Sta. 176 
- POWER SOURCE | Oe tue g 
i. Batteries (Sta. 57) 321 
2% Batteries (Sta. 90) | 100 
3. Circuitry : | gee 
_ Total Power Source Weight and C. G. Lh lb at Sta. 66 
PROPELLANT BY & @ a. 
1. Fuel - UD — 30), 
2. Oxidizer - WFNA | 851 | | 
Total Propellant Weight and C. G. 1,155 1b at Sta. 119 
TOTAL PAYLOAD WEIGHT AND C. G. 25186 lb at Sta. 140 


A-Apdx, p66 





| 2e 
36 
he 


Te 


8. 





WEIGHT EMPTY STRUCTURE 


| _ STEMS 
Nose Section 
i 


Hoist Assy. | 
Skin (.080 Mag) 
Insulation | 
Frames. & Doublers 
Access Door Instl, 


SCe ; 


Total Nose Sec. Weight & C. G. 


Skirt Section = Fixed 


1. 
26 


le 


6 | Misc, 


Separation Clamp -« (Upper Sec.) 
Tension Strap Oe 

L - Sections 

Ring 


Total Fixed Weight & ¢. G. 


Adapter Section — 


2e 
36 
i. 


7. 


8, 


S 


| ae: 


96 
Total Adapter Sec. Weight & C, G, 


Ring 
Ring 


080 Mag) 


I = Sections 


5. Separation C (Lower Sec.) 


rts | 
ipment = Fwd, 


Ze Equipment - Aft. 


30 


Guide Instl.~Adapter 3 


_ ‘Total Support Weight and C. G, 


Total Structure Weight and C. G,. 


2 


WEIGHT _ 


156 Ib at Sta. 173. 


39 
27 


ap 


‘71 1b at Sta. 120 - 


435 1b at Sta, 136 
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TABLE 6-7. 


PROPELLANT TANKS 


ASSEMBLY — 





TTEMS WEIGHT 
1. Sphere ~ He. 198 
2e Sphere - UDMH 57 
5 Ring | @ 33 
6. Tension Ring ( | | ilo 
7. Cover ~ roc | | h | 
8. Cover - Access _ _ 


9. Insulation - He, « 1.0" 


10. Insulation . UDMH = 1,0 
li. Insulation - WFNA — 1,0" 


12. Ring & Cover @ 
13. Mise, 
Total Assembly Weight & C. G,. 





, “a 
if 

f 

> 


fates: 


rn te 


Plunbing 


. Filler Valve & Plumbing ~ UDMH 


(* Aerojet Items.) 


_ Total System Weight & c, G. 





TABLE 648 
PROPULSION SYSTEX 


ITENS aS, 
Thrust Chamber s . | 90 * 
Mount = Thrust Chamber «8B 
Valves & Regulators  —— | 21 


Electrical Sequence Units | 
Control Engines (Incl. Valves) (2) 
Feed Line = UDMH a 
Feed Line ~ wrn, | 

Filler Valve & Plumbing — WENA 
Supts, - Control Engines . 

Misc. 7 


Total System Weight & C. G. 


TABLE 6-9 
PRESSURIZATION SYSTEM 


ITEMS — ee os _ WEIGHT ~ 

cia IBS. 
Pressure Regulators (3) Led” 
Check Valves 7 (3) a ant 0.7 
Relief Valves 63) | . weS., 
Solenoid Valves _ (3). : ' 353 . 
Pressure Operated alve (1) Oj 
Helium (9.18 ft. 3 @ 3000 psi) 17 oh, 
Bladder Instl. = (9) ONG 
Plumbing & Fittings eH 301 
Misc, : . - 0.7 


(See Propellant Tanks Section | 


for He. Spheré) 





163 Ibs. @ Sta, 209 
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GUIDANCE AND ATTITUDE CONTROL, 
ITEMS a WEIGHT 
i, Torque Drive Unit | 20 
Ze Autopilot ; = 20 
3e Thrust On-Ore Systen 85 
4. Transition Computer 205 
5e Attitude Reference 20 
6. Damping Computer 1s 
fe Attitude Indication 10 
8, Horizon Sensory System 5 
Ye Torque Wheel Trim System 15 
(10. Container “7 15 
Total System Weight &C.G, 8 150.0 Ibs. @ Stas 73 
_ TABLE 6-11 
_ DESTRUCT SYSTEM 
ITEMS WEIGHT 
Mechanical Mechanisn i2 ) 
Total System Weight &¢.G. ——«W.0 Ibs. @ Sta. 5 


_ A-Apax, p 70 





+ 


a 


(RENE 


oe lm = eee 


Weight 








Hoisr Firringe ©. 


SKIN | @ 
Skin ©® 
Ring © 
RING. ® 


Fzames a Dovsrers — 


-LLNSULATION. 





“Apdx, A Table 6-12 . 
Comparison for Nose Section 


(Conical vs. Ogive) 
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TABLE 6-1 


_ PROPELLANT TANK STUDY 
"(He - UDMH - WENA) 


aT PRESSURE LOW PRESSURE 
ITEMS att PRESSURE FED) (PUMP FED) 


MTL#* GAGE. ee MILs GAGE ~ WEIGHT 


Sphere - He (32.08 OD). : 2s | 198 | ~~ .032 30, 
Sphere WFNA Ch.0" sa |) er’) |. a 
Ring (Junction He & UDMA hich’ | 11 | | ae ae 
Ring (Junction UDMH & WFNA Spheres) > | 
Pump - Engine re us 
Helium : | 7 | —— - 160 _ 0.8 
Comparative Totals Ba 139.5 


# Mtl. AM 350 Stainless _ 


Ref: : 
Pressures - PSI 
High Dow 

He Sphere 3,000 335 _— 

UDMH " | 315 35 

WENA. * | 300 a 





= 
in 
at 
| 

8 





ie dp 


Summary: 


udy 


A Table 6 
Propellant Tank St 
LOX) | 


. ( JP-lj, 


‘cena - 


fl Le HUE 


Igy - aunsezre 
ose-Wy '74W 


oss fae Pe ee ee eee 
co +02 | 40 ig bor ing zel|zer|rec vas 
lee | i Z/ al 
os2 le ovz less = S2/|200 levos ers | 
i Se |182 | 1% sp 
7 jet op | Ze | css | 
Ae es ‘oat 61 sez | ss 
of 


TRS 
eed ed ee 














Fea PES 


26! 
St 


| SONIA 
\s- oNiaIV) 





ne 





“AMA PNY 






O¢! 





| oe 
eS 


Lt 





SCTTAT 











er | 


i EAE 
— 








fro 








o¢ cog - xO 
S¢ SIG — +-do 
901 gs -~ Nev 
HSI . . 
gases ase INV] 
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Apdx. A Table 6-16 | 
Propellant Tank Study | rs 
— (uP-h, mes [. 





Mr. AM 350 
Pressure: Psie, 





| caine: 
° JP- 4 | 
AF» ee 3! | 
Vou 273 Fr / | 


~Diad SO” 
LOX 
Fis 300 R= 30 
Vou.9 46.8 / | 
OF .9 o 
Dia le 2 ae e ete 
(-o20) 


ae FIGURE - Iv 
Low Pressure Hick Pressure | Low PRESSURE 


TANKS MTL. Mr. | WeighHr J Mrv. weer fri Waicut 
[Gace 2 Te lence 82 | O16 AGage | -9t2 | spt GAce Parone 









CYLINDER 
Cone 


= oo OTAL TANKS ) | GS | # 
ao. FAIRING -Supr. | 7 
, _ | 192 


ppcetiose| _Laes] 330] 


i 








Apdx. A Table 6-17 
Propellant Tank iia 
(aPoh, —_ 










Mr, « AM350 | 
Fressure- Psig. 














Low Pressure |[Hicn Pressune, Low Pressure | 


Mr. rir. nr Tween [aor 
cnet are fone [te coef [ins fone 








SPHERE 

Con R-U 
Frustum 

' Cone-t 







Pay 
o ft 


Treas 


t 
Ret 


Lin UN 
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| ; Table 6-18 
‘PRESSURIZATION SYSTEM DATA SUMMARY | 
System So 7 | eee Bs | : Seas 
Propellant tank (Note 1) = el oxtea Fuel Oxid 
Tank Volume, cu f | 19.6 29.0 19.6 | 29.0 
= Tank Pressure, pei 7 35 "300 . se «- 30 
He Sphere pressure, psi (Note 2) | | 3000 335 | 
‘He Sphere volume, uft #8 |= = 932 9.12 
He Sphere inside diem, in, = 31.0 
He Sphere weight, lb —tS 198 30 
Helium gas weight, 1b (Note 3) 16 0.5 
Total weight, 1b. | a ra 30.5 


Addition of an APU tank of 19.8 cu ft volume pressurized at 100 psi would 


cause the following changes: 


He Sphere pressure » pai | No. change 730, 

” bs . (See Note 4) a 
He Sphere volume, cu ft 7 en 9.12 
He Sphere inside diam., in. — = a) 

He Sphere weight, 1b oe . 66 

‘Helium gas wt.,1b ue ke a: eo 2 . o 

Total weight, 1b t™~*S _ # 673 


NOTES: (1) Fuel is unsymmetrical-dimethyl hydrazine; oxidizer is white 
fuming nitric acid. Total propellant weight 3560 1b. 


(2) Initial helium temperature assumed 100°F. | 

(3) Helium assumed to be heated to O°F. after being withdrawn from 
‘storage vessel. , eo oe re 

(4) Residual in sphere after propellant tanks are pressurized at 


300 psi is more than sufficient to pressurize the APU tank at 
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Table 6-19 | 


_ PRESSURIZATION SYSTEM DATA SUMMARY - = | 
Systen “: _ * Pressure Fed - | Pump Fed 


Propellant tank (Note 1) Fuel Oxid APU Fuel Oxid APU 
“Tank volume, cuft a 27.3 43.1 19.8 27.3 43.1 19.8 
Tank pressure, psi (tote 2). 315 300 100 2530 :100, 
‘He Sphere volume, cu ft (Note 3) 2.90 850 . 
He Sphere inside ‘Qiem., in. a2 18 
He Sphere weight, 1b 7  ) 125 
Helium gas weight, lb UG - 2.7 
| ‘Total weight, 1b 7 87.9 7 15.2 


NOTES: (1) Fuel is iti oxidizer is LOX. Total Propellant weight 
| 4340 lb. APU fuel is 1230 lb hydrazine. | 


(2) Helium assumed to be heated to 100° F between storage sphere 
and propellant = 


(3) Helium storage pressure 3000 psi, temperature -297° Fo 
(temperature of liquid oxygen). For He at 3000 psi and 


100°F. a 
He Sphere Vol., cu ft 8.57 oS 1.73. 
jo? He Sphere I.D., in. 30.4 _ * 8 © gg 
- He Sphere vt., 1b 178 | —-B.0 
Helium gas i, Tb 15.h BT 
‘Total weight, 1b 193k 4O.7 


TRIES 





L set nt 


MISSRE SYSTEMS DIVISION . 


MSD 1536 





(+ TEMPERATURE CONTROL OF SATELLITE COMPONENTS oe 3 
This. ace al indicates that the average temperature of the equip- 


ment in the pioneer satellite vehicle will be in the vicinity of room 


temperature (20° Cc) if certain emission conditions of the outer surface 


. Of the vehicle can be maintained, If no heat is generated internally, 


room temperature can be obtained by ciaciieiines the inside surfaces black 


| and by processing the outer vehicle surface 80 that the ratio of the 
absorption coefficient for Low tempersture radiation to the absorption 


coefficient for the soler spectrum is about: 0.77. Polished nickel ‘has 
approximately this ratio of absorption coefficients. Slightly differ - 
ent surface enissivities would have to be chosen to attain room ‘Cemper 
ature if heat is generated within the vehicle. | 

An auxiliary means of controlling the Svereas: temperature however : 
will have to be provided because of the possible variation of the average 


. internal heat dissipation and because of the eredual erosion of the 


sureeae. This means could consist of (1) heating or cooling ry fluid 


“‘Teservoir b by using an external radiator only during the. "day" or during — 
‘the. "night", or (2) properly drawing or retracting highly pete 


metal foils about the internal compqnents. | 


‘For an average internal power dissipation of 20 watts, the aver - 


age temperature of the components will be about 5° c ir the outer 


surface is black, and ‘about 28° « if the outer surface has the eatssion 


Properties of Polished nickel (en absorption coefficient of 0.12 for 


Low temperature rediations and 0.15 for the impoter spectrum). Because 


A. = 7 
_ 
. “e 
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of the large heat capacity of the components wien the vehicle » the 
| maxim “day ~night" difference of their average temperature will be 
only about 5° C for a darkened outer surface » and about 2° Cc for the 
nickel type surface. With special effort, the variation of the temper - 
ature of the film processing unit can be held within about +0. 5° Ce 
A great deal of care must be taken to design the equipment BO 
that the andi eed tempesecurs range fer each component can be main- 


ee This analysis assumes that a good thermal, design has already 


-_ been accomplished and that a fluid is circulated about the. equipment 


to maintain temperature contrel. Fluid circulation jackets are eee’ 
to surround the equipment units completely 80 that the surfaces will 
be radiating heat to each other end to the skin of the vehicle at nearly 
the. seme temperature. | | 

‘the average temperature of the equimment will depend upon (1) the 
heat generated by the equipment, (2) the emissivities of the radiating 
surfaces, and (3) the heat absorbed by the skin of the vehicle from the 
eeecuat incident radistion, | 

Heat rediation from the sun and from the earth incident on the 
surface elements of the vehicle has been calculated as a function of 
the orbital angle by assuming a nose-up attitude of the vehicle and 
| a an albedo of 0.43 and a solar constant of 13h0 watts ee : The 
earth was assumed to radiate from its entire surface the energy that | 
it absorbs from the sun. The altitude of the vehicle was taken as 300 


miles. If the external surface of the vehicle is "coated white” such 
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that 1t has an sbsorption coefficient for the solar spectrum of 0.30 


and a low temperature absorption coefficient of 0.80, then the temper - 


atures of the ‘Surface elements. in radiative equilibrium with the absorbed 


external radiation are ene as a function of the orbit angle 6 in Figs. 
7-1, 7-2 and 1-3. 


Of course, ‘the actual tenperature differences of the skin elements 


around the vehicle will be much more relaxed because of (1). rediation 


‘from the skin to the interior of the vehicle ‘ (2) heat conduction along 


the skin, and (3) heat generation within the vehicle. A maocLmnum differ - 


ence in the wledniy. of about 30° CG should be expected for the ‘conditions 


assumed in this analysis. _ ‘The temperature of the skin will be taken 

such that 2. - 7 a _ 

Ea 6 ts)" Aa = H(@)+Hyp, ae ee (1). 

where —_ a | 
Ea0 | Low baisevetare: emissivity of outer skin surface 
Ag = area of skin 


6 = Stefen-Boltaann constant 


| H(@) = total external heat radiation per unit time absorbed by 
: Skin while hd the orbital angle@ , and 


Hho = net heat per unit time transferred from heat Serene 
components to skin. | | | 


| Let Ay be the area of the heat generation components that is 


available for direct radiation to the skin. Then, if H, and Hp are 


respectively the luminosities of surfaces A, and Aa, the heat per - 


unit time leaving 4 is. A, Hy ; and the heat per unit time radiating 
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Adiabatic Skin Temperature of Conical Surface vs. Position in Orbit 
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Fig. 7-2 Adiabatic Skin Temperature of Cylindrical Surface vs. Position in Orbit 
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internally trom surface A, is - Of the quantity AgHp, however, 


only “l (AcH>) * reaches Al, the remainder reaches other portions of 
Ag itselr. Hence, the net heat flow from A, is 7 —_ ‘. = 


reflected portion of the intensity Ay Bi incident on A, » Plus the 
reflected portion of the intensity (1- “L)E, incident on Ay from 
the emissivity of Ay and the inner Surface of Ag, then 

| «eB 6n+y (1-E, ) Hp, and ; | 


=k 6r* + (1-E,) e H, + (1-E,) (1- =a. 


Ae 


By solving the above two equations for Hy and Ho, the net 


other regions of A, itself. or, af B, and E, represent, respect vely 


heat transfer from A, becomes r 6(r _ m4 ) 


“ue u(y (2) 

H+ x [z,-3) Oo 
and, of course, | | 

x - Me —2 +e a (3) 


* This is an approximation. 
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where | 

Ms Mass or heat generating ‘components 
s8= Average specific nee of M | 

P = Heat generated in M per unit time, 

Tt has 


< ) 
Finally » by sub stituting the expression for To from equation 
a) into equation (2) 


aT 


been taken as the average temperature of M. 


and then equating the ‘resultant expression to 


| the right side of equation (3), the following equation is obtained 


giving the temperature éhengs of the mass M: 


me 8% _ #0) 7 e. — ) 


at KAD EQ | 


a = 





eS ) ee 
Aa [E, 
Since the fore and aft sections of the vehicle wild be fairly — 


well Lsclated thermally by the rocket fuel tanks ( this e 


ondition can 
be 


insured by polishing the tank walls), heat balance equations should 


be set up separately for each section. Only the nose section is con- 


sidered in this analysis. For this section » the following values will 
be used: | | 


= 500 1b 
S = 0.4 cal [°o/e 
Ay = 5.00 2 
Ag =8.35 Me 
B= = By = 0.95 
K=032  — 


(5) 
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In the ae State condition F after the influence of the initial | 

component ‘temperatures becomes small, the average temperature of the | 
at, 

equipment can be ooteined by substituting i O in equation (4) and 


If we assume that only attitude control equipment end batteries are 
Donetea in the nose, ee the averans heat generated will be about 
50 watts, By using H(6 ) = = 2620 watts, the average temperature of 


the components will be 278° K (5° c). te the surface of the vehicle 
is prepared 80 ‘that it has & low temperature absorption coefficient. 


of 0 -12 and a coefficient of bites for the solar sition: then H(@ )= 


Since the average power adi seipation in the aft ‘Section of the vehicle. 
Will not be mich greater than heat generation in the nose P the average 


Ceneeics of the equipment in that section should be nearly the same. 


Equation (h) gives & maximum "day-night 7 temperature difference of 


polished surface Sleteecs above. 


The temperature of the film processing unit mst be ay at a 
certain known temperature +0, “5° C while the film is — developed. 
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This condition can be met by placing the pressurized compartment , 
which contains the camera, the fila, the > Processing unit, and the 
‘read-out table, within an enclosure of area Ao. This enclosure will 


then be maintained at an average temperature of about 20° C by the 
circulating fluia described above. Although the temperature ha as 


fluid wilz vary by a maximim of Sa. 5° C within the orbital period, 

. the average temperature of the pressurized unit will only vary i 

about +), or C as shown below because of its haat capacity. 
Equations. (2) and (3) also apply to this configuration, s0 

that the average temperature of the pressurized unit will have the | 

following time variation: 


were cigt ah, 
| at | 
where | 
| | | 1 
so 
"i * Ie E “1 
i | re Eo 
and Ms * heat capacity of pressurized unit 


Tl = average temperature of mass. MH 

Ip * temperature of enclosure 

Pp = heat generated in pressurized unit 
A, = area of pressurized unit 


A,” area of enclosure 


Roo 


HOE2) 


boo 5 
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The average temperature Ty of the pressurized unit is 
ven by the empression, | | _ 


” 4 2 A Bip 


where p= average power generated per orbital + period, 
and =, Ts average temperature of enclosure. -_ 
. By putting = tT sites Tet A ty, then th 
solution of equation (6) is approximately: a 
~FP-F timme rt? a 7) gt (8) 
The following values will de used for this configuration: 


lem liters of solutions 


| | . h ge 
Ms = 3.52 x 10 watt-seconds 6 lb of film 
= 0.617 me 
Ap = 0.926 me 


|30 watts | for lo minutes While taking pictures | 
P = 140 watts for 5 minutes while developing film 


tbo watts for 6 minutes for movable table during read-out 
P = 8.29 watts | _— 


Ty = 293° K (290) 
"le | = l. 087 


By substituting the appropriate values into equation ( 7), : 


the average temperature of the Pressurized unit equals 21° C. 
A-Apdx, P 89 
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From the ealeulation indicated above, A Tp should undulate 
from 42.5. 6 to -2,5° gc. ia a period of n. minutes. Tus, the maxim | : 
variation in the temperature of the Pressurized unit from the ‘mean can + 


be estimated from equation (8) by putting Pe P, ATs = x 5 Cc, and 
(t= 3340 sec. » (duration of " av"). The result is T= 0,58° c, 

If the film Proroeeeee unit is kept in neighborhood of the center of 
the Pressurized unit, the ‘temperatures fluctuations should be ‘same~ 
_ What less severe. — 7 _ | a 
This enalysis of the gross heat effects indicates that the 
emissivity of the surface of the vehicle can be chogen s0 that the 


average temperature of the vehicle components Will be in the vicinity 


of normal room temperature. Moreover, the environment of the film 
| ‘processing unit should be adequate if the average temperature ‘of the 
circulating fluid ¢ can be y maintained : at a constant value. 


 A-Apdx, p 90. 
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